Abstract-Universities conduct examinations to evaluate acquired skills and knowledge gained by students. An assessment of skills and knowledge levels evaluated during Software Engineering examinations is presented in this paper. The question items asked during examinations are analyzed from three dimensions that are cognitive levels, knowledge levels and knowledge areas. The Revised Bloom's Taxonomy is used to classify question items along the dimensions of cognitive levels and knowledge levels. Question items are also classified in various knowledge areas specified in ACM/IEEE's Computer Science Curricula. The analysis presented in this paper will be useful for software engineering educators to devise corrective interventions and employers of fresh graduates to design pre-induction training programs.
I. INTRODUCTION
An assessment of the skills acquired and knowledge gained through a course on Software Engineering is equally useful to academicians as well as industry professionals. Academicians can use the results of the assessment to devise appropriate interventions in case of the assessment results do not conform to the set learning objectives. Employers of fresh graduates may use the results of the assessment to design pre-induction training programs.
One way to perform such an assessment is to analyze question papers used for conducting end-semester examinations because it includes the most relevant information required for such an assessment. An end-semester question paper is typically designed to test students on diverse range of skills such as to recall a learned topic or to apply a learned method to solve a particular problem. Further question papers include questions from all the knowledge areas that are expected to be covered in a course on Software Engineering.
In this paper we classify questions asked in an examination along three dimensions, namely, cognitive levels, knowledge levels and knowledge areas. The categories included in the Revised Bloom's Taxonomy [7] are used to classify question items along the dimensions of knowledge and cognitive levels. Question items are also classified according to the topics included under various knowledge areas of Software Engineering defined in ACM/IEEE's Computer Science Curricula 2013 [6] , [1] .
II. ANALYSIS FRAMEWORK
The classification framework used to analyze the question items is derived from two different sources. The main intention Figure 1 . The first two dimensions are cognitive levels, knowledge levels as defined in Revised Bloom's Taxonomy (RBT) [7] . Further, each question item asked in Software Engineering examinations belongs to a particular topic or a course unit. Hence the topics that are covered under the Software Engineering knowledge areas of ACM/IEEE Computer Science Curricula 2013 are also included. The first two dimensions cover generic learning skills that educators intend to impart in students while the third dimension covers domain specific skills that employers expect from a fresh-graduate. 
A. Cognitive Levels
The cognitive process dimension in RBT is broadly organized in six different categories namely Remember, Understand, Apply, Analyze, Evaluate and Create as shown in Figure 2 . The category Remember captures the activity of retrieving knowledge from long-term memory. The activities of recognizing and recalling information, objects and events belong to the Remember category. The category Understand means to construct the meaning out of the learning material presented in the form of either lectures or notes. The acts of interpreting, exemplifying, classifying, summarizing, inferring, comparing, and explaining belong to the category Understand. The third category Apply refers to carry out or use a procedure in a given situation and it includes the acts of executing and implementing. The fourth category of Analyze refers to breaking down the learning material into its part and to relating parts to establish overall structure. The acts of differentiating, organizing and attributing are considered as analytic processes. The fifth category Evaluate means the acts of checking and making judgments based on some criteria. The last cognitive process category from RBT is Create and it means the acts of generating, planning and producing some product. Few example questions and their mapped cognitive levels are shown in Table I .
B. Knowledge Levels
As shown in Figure 2 , the knowledge dimension in RBT is classified into four categories of Factual, Conceptual, Procedural and Meta-cognitive knowledge. The factual information about specific terminologies (e.g., Products, Processes, Life Cycle models ) and basic elements that students must be well versed with are captured under the factual knowledge. The conceptual knowledge category includes the knowledge about classification categories, principles, models and theories. Some examples of conceptual knowledge are knowledge about life cycle models, and principle of modularity. The knowledge about procedures, methods, algorithms are included under the category of Procedural Knowledge. An example of procedural knowledge is methods for Object-Oriented Analysis (e.g., CRC Card). The last category meta-cognitive knowledge corresponds to knowledge about cognition itself and understanding one's own cognitive abilities. 
C. Software Engineering Knowledge Area
A set of guidelines are specified in ACM/IEEE's Computer Science curricula (CS2013)[1] to design a undergraduate program in Computer Science. In CS2013, the knowledge body of Computer Science is organized into eighteen Knowledge Areas (KA). Each KA is further sub divided in various Knowledge Units (KU). Software Engineering is one of the eighteen KAs which is further subdivided into ten different KUs as shown in Figure 2 . In this paper, we have selected the CS2013 as a reference knowledge body with an intention to bridge the non-uniformity in course content of the courses on Software Engineering offered by various Indian Universities.
III. THE ANALYSIS METHOD
The analysis of question papers is carried with an intention to answer the following questions.
(i) Do SE examinations test student for all cognitive skills? This question is significant because students of an engineering under-graduate program are expected to be evaluated on higher order thinking skills such as Analysis and Synthesis rather than evaluating them on skills such as Remember and Understand.
(ii) For which kinds of knowledge students are tested during SE examinations? Answering this question is important because certain courses contain a specific kind of knowledge. For example, the content of a course on Data Structure and Algorithms is of Procedural (iii) Do SE examinations give sufficient coverage to all the knowledge units? This question is significant to answer because it verifies that an examination sufficiently covers all the knowledge units that are expected to be covered or whether it is skewed towards a particular topic.
A. Activities
Majority of Indian Universities adopt the standardized test as an assessment method to test the knowledge and skills of the student enrolled for a particular course at an affiliated college. In standardized test, examinations are administered by universities. Students appear for an examination and they answer the same question paper delivered at the same time across various affiliated colleges. The survey presented in this paper considers only those institutes which adopt standardized test as an assessment method. Autonomous colleges conducting examinations specific to students enrolled in one particular institute are excluded from the survey. This section describes the main activities conducted during the survey. Table IV shows the details of the number of question papers selected and the total number of question items from the respective university.
2) Preparation of Question Bank: A question bank in the form of a spreadsheet is prepared by picking up question items from the selected question papers. For each question item, the information about text of a question, name of a university, examination year, assigned categories i.e. knowledge, cognitive, and knowledge area is stored. The question bank includes about eight hundred questions asked in about forty question papers. Some of the question items are duplicated and not stored in the question bank because the same questions may be repeated in multiple examinations.
3) Assignment of Categories: Each question item is classified into three different categories i.e. cognitive, knowledge type and knowledge units. To assign a cognitive category, the category wise list of action verbs prepared by Azusa Pacific University, California [3] shown in Table V is used. Table I shows the assignment of cognitive categories to few question items. The knowledge category is assigned by interpreting noun-phrase in the question item. The guidelines specified in [7] are used to classify the question items in various knowledge categories. Some of the guidelines used during interpretation are also described in Section II-B. The knowledge unit is assigned to a question item by interpreting the content of the question. About eight hundred question items are analyzed and categories are assigned from three different perspectives. A tool has been implemented in Java to assign cognitive level categories. Initially cognitive level categorization is manually performed by the first author which has taught a course on Software Engineering. Question items are also categorized through a tool and verified by the second and third authors.
IV. RESULTS OF THE ANALYSIS
This section describes the results of the analysis carried out after the assignment of various question items. 6 .25% questions are asked to test the students for the skill of Remeber in an examination with the paper ID M U 2014S. All the paper-wise cognitive analyses are merged to find the average values for the cognitive categorization Figure 3 . In summary, students are tested for cognitive categories in the order of Understand (58.44%), Remember(19.02%), Apply(7.56%), Create (6.05%), Analyze (5.04%), Evaluate (3.90%).
Cognitive Level Categorization:
Knowledge Level Categorization: Table VII shows paperwise analysis of question items according to knowledge types. Entries in the Table VII indicate percentage of the questions that belong to one particular type of knowledge. For example, in Table VII , 31.25% questions are asked to test the students for the P rocedure type of knowledge in an examination with the paper ID M U 2014S. All the paper-wise knowledge level analyses are merged to find the average values level distribution as shown in Figure 4 . In general, Indian universities test students for types of knowledge in the order of Conceptual (40.43%), Procedural(37.15%) and Factual(22.42%).
Distribution across the Knowledge Areas: Table VIII shows paper-wise analysis of question items distributed across the knowledge units. Entries in the Table VIII indicate percentage of the questions that belong to one particular knowledge unit. For example, in Table VIII , 25% questions are asked to test the students for the unit on Sof tware Design(SD) in an examination with the paper ID M U 2014S. All the paper-wise analyses are merged to find the average values for distribution of question items across various knowledge units as shown in Figure 5 . In general, Software Design (SD), Software Project Management and Software Processes are three most favored knowledge units to test software engineering specific skills. Surprisingly no university tests their students for knowledge of F ormalM ethods(F M ) in a course on Software Engineering. We have presented a survey on skill and knowledge levels assessed through software engineering examinations conducted by Indian universities. Categories from the Revised Bloom's Taxonomy are used to perform the analysis of question items. To the best of our knowledge, this might be the first attempt of conducting such a kind of survey in the context of Indian Universities. However, the RBT has been extensively applied by earlier researchers for various purposes. In this section, we present a brief review of applications of RBT in software engineering education and its applications in conducting examinations.
In [5] , authors propose a question paper preparation system based on content-style separation principles. The purpose of the system was to generate questions belonging to different categories of the Bloom's taxonomy. A generic visual model for an automated examination system has been proposed in [8] using UML as a modeling language. The system is generic in the sense that it can be configured according to the requirements of an institution. Furthermore, the model provides performance analysis of students. The authors [10] present a report on a multi-institutional investigation into the reading and comprehension skills of novice programmers. The Bloom's and SOLO taxonomies are used to analyze the results of a programming exercises carried out by students at a number of universities. A rule-based classification scheme to analyze question items using Bloom's taxonomy is presented in [9] . The authors pointed out that effectiveness of such classifier systems is one of the concerns while classifying question items according to Bloom's Taxonomy.
Unlike these earlier applications of RBT, in this paper, we combine RBT and software engineering specific knowledge areas and use it as the framework to analyze question items. By adding SE knowledge areas in RBT, the analysis framework becomes more relevant to assess software engineering specific skills.
VI. CONCLUSION
The paper presents a qualitative assessment of question items collected from end semester examinations for the course on Software Engineering conducted by various Indian Universities. While analyzing the question items, some of the challenges relate with the use of tools and the action-verbs list used during cognitive categorization. Some action verbs appear in more than than one category. For example, the action verb Choose appears in categories: Remember, Apply, Evaluate, and Create. So, it becomes difficult to categorize question items only on the basis of action verbs. In such situations, the context of a question needs to be taken into consideration for the appropriate categorization of the question item.
Combining the RBT framework with domain specific knowledge areas is the main highlight of the analysis method used in this paper. We found that the Revised Bloom's Taxonomy (RBT) is a useful framework to assess generic skills and knowledge levels tested. But it is inadequate to test domain specific skills in general and Software Engineering specific skills in particular. To overcome this limitation of RBT framework, we extended it by adding Software Engineering specific knowledge areas. The second highlight of the paper is the creation of a classified question bank of about eight hundreds questions from the discipline of software engineering. This question bank in which each question item is classified as per cognitive and knowledge categories can also be used to test the performance and effectiveness of any automated tool implemented for categorization of question items
The results of the analyses presented in this paper can be used to design an advanced course on Software Engineering by universities or to design pre-induction training programs by software development organizations.
